Klotho modulates FGF23-mediated NO synthesis and oxidative stress in human coronary artery endothelial cells.
Chronic kidney disease (CKD) is a state of Klotho deficiency and excess of the phosphaturic hormone fibroblast growth factor 23 (FGF23). Both dysregulations were shown to be associated with endothelial dysfunction in humans, but direct vascular effects of FGF23 remain largely elusive. In vitro experiments were performed to assess the effects of FGF23 (10 ng/mL) in relation to its co-receptor Klotho on nitric oxide (NO) synthesis and reactive oxygen species (ROS) formation and detoxification in human coronary artery endothelial cells (HCAEC). Membrane-bound Klotho is expressed in HCAEC, and FGF23 increases the expression of the Klotho shedding protease ADAM17, and consequently the secretion of soluble Klotho. FGF23 activates FGF receptor 1 and stimulates NO release via Akt-dependent activation of endothelial NO synthase (eNOS). Both FGF receptor (FGFR)-dependent ROS formation via activation of NADPH oxidase 2 (Nox2) as well as ROS degradation via superoxide dismutase 2 (SOD2) and catalase (CAT) is stimulated by FGF23. Pre-incubation with a Klotho inhibitor blunts the FGF23-stimulated Akt-eNOS activation and NO synthesis, and decreases ROS degradation by blocking SOD2 and CAT enzymes, whereas FGF23-stimulated ROS synthesis via Nox2 is unaffected, resulting in low NO bioavailability and increased oxidative stress. Our data indicate that in the presence of Klotho, FGF23 induces NO release in HCAEC and its stimulating effects on ROS production are counterbalanced by increased ROS degradation. In states of Klotho deficiency, e.g., CKD, FGF23-mediated NO synthesis is blunted and ROS formation overrules ROS degradation. Thus, FGF23 excess may primarily promote oxidative stress and thus endothelial dysfunction.